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Introduction 
 
 Battery is a device consisting of one or more electrochemical cells with external connections provided to power 
electrical devices. A variety kinds of battery have been commercialized, LIB (lithium ion battery) with 
unparalleled high energy density observed extensive application.[1] At present, the main cathode materials are 
metal oxide, such as layered LiCoO2. In this materials, intercalation of Li-ion into host lattice causes structural 
change, leading to incomplete de-/lithiation.[2] Zero strain electrode such as LTO (lithium titanium oxide) have 
been proved to be most promising to improve current situation due to a change of lattice parameter during lithium 
intercalation is virtually zero (usually within 1%).[3] Therefore, the steady structure could afford high energy 
efficiency and ionic conductivity. Recently, metal-organic frameworks (MOFs) have been attracting extensive 
attention as multifunctional materials due to the nature of designability.[4] Given the high thermal, chemical and 
structural stability as well as permanent porosity (high surface area) of MOFs, a higher ionic conductivity with 
negligible structral change may acquired in solid state. These features made MOFs to be competitive as battery 
electrode materials.  
 
(1) Zero Strain Cathode Based on Rigid Titanium-Metal Organic Framework with High Ionic Conductivity  
Herein, we chose a reported MOFs: MIL-167, with formula: 
[(Et2MeNH+)2Ti(DHTPA)1.5](1).[5] Manually grinding 1 
with excess of LiCl by using mortar and petstle, produced 2 
[Li2Ti(DHTPA)1.5].(Fig. 1)  
Solid state 7Li NMR and 13C NMR as well as elemental 
analysis confirmed 100% of cation exchange from 
Et2MeNH+ to Li+, PXRD patterns confirmed 2 possess 
iso-structure with 1 except unit cell shrunk 1.5%.  
CR 2032 type coin cell was used for all electrochemical 
performance. 2' (desovated 2) was used as core cathode 
materials. After the optimization of the measurement 
conditions, the potential window was chosen as 2.8-1.2V.  
In the discharge profile (Fig. 1), a flat plateau at potential E 
= 1.75 V have been clearly observed, which is not common for 
MOFs-based electrode batteries. This prior property could 
 Fig.1 Schematic illustration of cation 
exchange (upper) and discharge plot 
(bottom). 
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attribute to 2' exhibits zero strain property and high ionic conductivity during charge/discharge processes. Moreover, a 
mixed-valence (TiIV/TiIII) state encountered via the reduction,(Fig. 2) 
leading to an increasing in electron conductivity. As a result, a 
discharge capacity of 100 mAh/g achieved after 100 cycles at 0.5C 







(2) All Solid State Batteries using High Ionic Conductor Li+@MIL as 
Solid Electrolyte  
Electrolyte is necessary for all electrochemical cell, currently, all the 
batteries have been fabricated by liquid electrolyte due to the high ionic 
conductivity, solid electrolyte are promising to replace liquid electrolyte 
for the next generation of battery thereby improve safety issue. In chapter 
3, we emphasized 2 possess high ionic conductivity, to further increase 
ionic conductivity, we decide to introduce ionic liquid solution into 2, 
product symbolized as 3(Fig. 3), according to the method reported by H. 
Kitagawa et al.[6]  
PXRD suggest 3 showing similar structure of 1, emphasizing a strong 
interaction of ionic liquid and frameworks. After doping, ionic 
conductivity increased from 0.2 mS/cm to 1.1 mS/cm.  
A solid state battery was fabricated with 3 as solid electrolyte. 
Charge-discharge plot have shown in Fig. 4, discharge capacity of 147 
mAh/g achieved after 20 cycles. This is also the first example of MOFs 
based all solid state battery. Coulombic efficiency observed 95% over 20 
cycles  
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Fig.2 XPS of cathode at potential of 
1.8V. 
Fig.3 Illustration of ionic doping. 
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室温で 0.2 mS/cm という高いリチウムイオン伝導度を示し、さらに Li 0.2 ESI 0.8 FSI というイオン液
体を導入することで、1.1 mS/cm までリチウムイオン伝導度が向上することを明らかにした。この




第六章では、MOF のアパーチャーを精密制御することでサイズ選択的ガス吸着に成功した。  
第七章では、イオンデバイスにおける MOF の可能性や今後解決すべき点などについて研究全体
の総括を行った。  
  以上の内容は、論文提出者が自立して研究活動を行うために必要な高度の研究能力と学識を
有することを示している。したがって、吴彬提出の博士論文は博士（理学）の学位論文として合
格と認める。 
 
 
 
 
